ABSTRACT: We evaluated the effect of repeated tissue sampling on growth rates of juvenile loggerhead sea turtles Caretta caretta. Samples of blood, skin, and scute (keratinized epidermal layer covering the bony shell) were collected at 3 intervals over a 120 d period from 37 loggerheads; 8 control turtles were not sampled. No infections or scarring occurred at the sampling sites, and growth in mass of experimental and control turtles was not significantly different. The sampling regime did not affect the health or physiological status of the turtles.
INTRODUCTION
An important concern of biologists is the effect of research on the health and physiological status of their study animals (Mendez et al. 2008 , Caputo et al. 2009 ). Several studies have assessed the effects of research manipulations on reproduction and behavior of sea turtles (Bjorndal 1982 , Broderick & Godley 1999 , Fossette et al. 2008 , Sherrill-Mix & James 2008 . During a study (Reich et al. 2008 ) of the contributions of growth and catabolic turnover to the rate of 13 C and 15 N incorporation into several tissues of loggerhead turtles Caretta caretta, we collected samples of 3 tissues (blood, skin, and scute). In this paper, we evaluate the effect of our tissue sampling regime on the growth rates of loggerheads by comparing growth in mass of turtles from which tissue samples were collected with growth of control turtles. Rate of mass growth of an organism is an excellent indicator of physiological status because growth in mass represents an integration of nutritional status, health, and physiological condition (Ricklefs & Miller 1999 , Karasov & Martínez del Rio 2007 .
MATERIALS AND METHODS
Loggerhead hatchlings were collected in June 2002 from hatcheries in Broward County, Florida, and were maintained in saltwater aquaria in the Department of Zoology, University of Florida (Gainesville, FL, USA). We glued a small plastic identification disc (2 mm diameter) to the carapace (upper shell) of each turtle. Turtles were housed in indoor tanks at 26.5°C (±1°) on a 12:12 h light:dark cycle with 20 W full spectrum fluorescent bulbs (vita-light) and 60 W outdoor flood lights. Turtles were fed daily (~3% of body mass); food remaining after 45 min was removed from the tank. The pelleted diet (Mellick Aquafeed) contained 30% crude protein and 3% lipids; soy protein isolate was the main protein source.
The trial was started on 1 July and continued for 120 d. Every 10 d for the duration of the study, each turtle was patted dry with paper towels and weighed to 0.1 g. The tissues collected for the stable isotope study (Reich et al. 2008) were blood, skin, and scute (the keratinized epidermal layer that covers the shells of turtles). These tissues were selected because they can be sampled with minimally invasive techniques, and we wanted to release the turtles unharmed at the end of the study. Turtles were divided among 4 sampling groups, and each turtle was sampled 3 times for each of the 3 tissues over the 120 d trial (Table 1) . To decrease stress on the animal, blood was collected on 1 d, and skin and scute were collected 3 to 6 d later. The interval between the first 2 sample collections ranged from 30 to 34 d; the interval between the second and third sample collections ranged from 53 to 55 d. A control group of 8 turtles was maintained throughout the trial under identical environ-mental conditions. The 8 control turtles were weighed every 10 d, but no tissue samples were collected. After the study, all turtles were released into the Atlantic Ocean under Florida Fish and Wildlife Conservation Commission guidelines.
Before tissues were collected, the sampling sites were cleaned with isopropyl alcohol. No anesthetizing agent was used. Approximately 0.2 ml of blood was collected, with a 25-gauge needle and syringe, from the dorsal cervical sinus (Owens & Ruiz 1980) . Skin samples were collected from the dorsal surface of the 'shoulder' region using a 2 mm sterile biopsy punch. Scute samples were collected from the newly grown, anterior edge of the second lateral scute by scoring 6 mm 2 with a # 21 scalpel blade and peeling the scute from the carapace with forceps.
To test for the effect of tissue sampling on growth, body mass at initiation and end of the 120 d trial was compared for the control (n = 8) and experimental (n = 37) turtles with t-tests. All statistical tests were conducted in S-Plus (v. 7.03) with alpha = 0.05.
RESULTS AND DISCUSSION
Collection of tissue samples had no effect on growth rates of experimental turtles compared with those of the controls. At the beginning of the trial (T 0 ), hatchlings (n = 45) ranged from 15.3 to 21.6 g in body mass (mean ± SD = 19.3 ± 1.4). There was no difference between initial body mass in the experimental (n = 37) and control (n = 8) hatchlings (t-test, t = -1.412, df = 43, p = 0.196) . At the end of the trial, body masses of the 2 groups were not significantly different (t-test, t = 0.566, df = 43, p = 0.574). Visual inspection of the growth trajectories in Fig. 1 reveals complete overlap between control and experimental turtles, again demonstrating no effect of repeated sampling on mass gain. During the 120 d experimental period, growth trajectories were highly variable among individuals. This level of variation in growth rates among individual turtles is typical for sea turtles in captivity (Swingle et al. 1993 , Roark et al. 2009 ) and in the wild (Bjorndal et al. 2000 , Braun-McNeill et al. 2008 .
From our study, it is clear that the type and extent of tissue sampling in our study did not have a negative effect on mass gain in the turtles. All areas where tissues were sampled healed rapidly with no indication of infections or scarring. We conclude that this sampling regime did not have a negative effect on the health and physiological status of the turtles.
Additional studies that evaluate the effect of a range of research procedures on the health and physiological status are needed in many species. When possible, studies should be designed to test for effects of research manipulation on the study animals, and results of these studies should be made available. 
